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(E) Luciferase assays and qRT-PCR indicate miR-133 targets Prdm16 3'UTR and this repression depends on the predicted 8-nt seed sequence. miR-133 was over-expressed in C2C12 myoblasts together with Renilla luciferase reporter constructs containing either intact or mutated Prdm16 3'UTR. The repression of luciferase activity and expression by miR-133 was abolished by mutating the predicted 8-nt seed sequence. Notably, the luciferase activity and the luciferase mRNA level from the mutated Renilla luciferase reporter constructs were significantly higher than those of Renilla luciferase reporter constructs with intact seed sequences, which is presumably due to the presence of endogenous miR-133 in C2C12 myoblasts.
(F) qRT-PCR indicates that the expression levels of miR-133 and Prdm16 are inversely correlated in freshly FACS-sorted brown preadipocytes, total satellite cells, satellite stem cells, satellite myogenic progenitors as well as in cultured satellite cell-derived primary myoblasts.
Statistical analysis was done for pair-wise comparisons between brown preadipocytes and total satellite cells as well as between satellite stem cells and satellite myogenic progenitors.
Error bars: S.E.M., asterisk: significant pair-wise comparison by t-test, *: p ≤ 0.05. Notably, no brown adipocyte was observed from myofiber cultures transfected with miR-133 mimetics. Without lineage tracing, the lineage origin(s) of brown adipocytes in the culture with miR-133 inhibitors was ambiguous. Nevertheless, miR-133 over-expression impaired the brown adipogenic commitment/differentiation whatsoever. DIC: differential interference contrast microscopy.
(C) The experimental scheme for determining whether miR-133 targets any brown adipose determinant other than Prdm16. miR-133 mimetics and/or over-expressing plasmid containing Prdm16 without 3'UTR (Prdm16 CDS) were transfected into C3H10T1/2 mesenchymal progenitors two weeks before adipogenic induction and differentiation. In theory, miR-133 mediated repression of Prdm16 and any potential BAT determinant upstream of Prdm16 can be rescued by over-expressing Prdm16 without its 3'UTR. By contrast, the putative repression of Prdm16 downstream determinants or Prdm16-independent determinants by miR-133 cannot be rescued by Prdm16 over-expression. Notably, C3H10T1/2 mesenchymal progenitors have been previously utilized to study functions of prostaglandin in brown adipose determination (Vegiopoulos et al., 2010) , whereas brown preadipocytes are not suitable for this assay given their predetermined lineage fate and endogenous expression of miR-133 and Prdm16. 

Myofiber isolation and culture
Single myofibers were isolated from extensor digitorum longus (EDL) muscles of 8~10 weeks old mice as previously described (Kuang et al., 2007) . Myofibers were cultured in Dulbecco's modified eagle medium (DMEM) supplemented with 4.5 g/L glucose, L-glutamine, sodium pyruvate, 20% FBS and 1% chicken embryo extract without Penicillin or Streptomycin.
Fluorescence activated cell sorting (FACS)
FACS analysis and sorting were performed on a MoFlo High Speed Sorter (DAKO-Cytomation) equipped with 488 nm, 633 nm and UV lasers. Primary brown preadipocytes were FACS-sorted from interscapular BAT of neonatal mice as previously described (Seale et al., 2008) . Primary white preadipocytes were FACS-sorted from subcutaneous (inguinal) white fat depots of 10-week-old mice as previously described (Rodeheffer et al., 2008) . FlowJo version 8.7 software suites were used to analyze FACS data.
Cell culture
C3H10T1/2 mesenchymal progenitors were purchased from ATCC and cultured following manufacturer's recommendations. Adipocyte differentiation was performed as previously described (Seale et al., 2008) . For myogenic differentiation, cells were cultured in DMEM supplemented with 2% horse serum.
Transfection of microRNA precursors and inhibitors
50 nM miR-133a and miR-133b Pre-miR™ Precursor (Ambion), 50 nM miR-133a/miR-133b PNA inhibitors (Panagene, Korea) were transfected into target cells by Lipofectamine RNAiMax reagent (Invitrogen) following manufacturers' recommendations.
High-resolution respirometry
Surgically extracted tibialis anterior (TA) and contralateral soleus (SOL) muscles were immediately placed in ice-cold biopsy preservation solution (BIOPS) containing 10 mM 
Mitochondrial respiration
Muscle bundles (both intact TA, and permeabilized TA and SOL) were blotted and measured for wet weight in a balance controlled for constant relative humidity, providing hydration consistency and stability of weight measurements. Each sample was then placed into a single chamber of the high-resolution Oroboros Oxygraph-2k (Oroboros, Innsbruck, Austria)
containing MiR05 solution and measured at 37°C. The Oxygraph is a two-chamber titrationinjection respirometer with an oxygen detection limit of up to 0.5 pmol·sec
. Standardized instrumental calibrations were performed to correct for back-diffusion of oxygen into the chamber from the various components, leak from the exterior, and sensor oxygen consumption.
Oxygen flux was resolved by software allowing nonlinear changes in the negative time derivative of the oxygen concentration signal (Oxygraph 2k, Oroboros, Innsbruck, Austria).
Respiratory titration protocol
Intact cells: Uncoupled respiration was induced with the addition of malate (2 mM) and octanoyl carnitine (0.2 mM). This state represents the oxygen consumption of an unaltered and intact electron transport system (ETS) without the exogenous provision of adenylates. In the L N state, the chemiosmotic gradient is at maximum and oxygen flux represents proton leak, slip, and cation cycling in muscle and maximal respiration in BAT induced by fatty acids (Matthias et al. 2000) . Further uncoupling of the ETS in muscle cells was assessed with the proton ionophore, carbonyl cyanide p-(trifluoromethoxy) phenylhydrazone (FCCP; 0.7 μM per titration up to concentrations ranging from 2.5-4 µM) to achieve a maximal uncoupling response.
Permeabilized cells: Uncoupled respiration in the absence of adenylates (L N ) was induced with the addition of malate (2 mM) and octanoyl carnitine (0.2 mM). Lipid oxidative phosphorylation capacity (P ETF ) and maximal electron flow through electron transferring-flavoprotein (ETF) was determined following the addition of ADP (5 mM). ETF is located on the matrix face of the inner mitochondrial membrane and supplies electrons from β-oxidation to coenzyme Q. The ETF linked transfer of electrons requires the metabolism of acetyl-CoA, requiring the addition of malate in order to facilitate convergent electron flow into the Q-junction from both CI and ETF allowing β-oxidation to proceed in permeabilized cells. The contribution of electron flow through CI is far below capacity and hence the rate limiting metabolic pathway is electron transport through ETF such that malate + octanoyl carnitine + ADP stimulated respiration is representative of, rather than specific to, electron capacity through ETF (Gnaiger, 2009b; Saks et al., 1998) . Maximal NADH dehydrogenase (Complex I-specific) state-3 respiratory capacity (P CI ) was induced with glutamate (10 mM), which inhibits electron transport through ETF, isolating the transport of electrons through CI (Saks et al., 1998) . Maximal mitochondrial state-3 respiration and oxidative phosphorylation capacity (P) was induced with the addition of succinate (10 mM) through succinate dehydrogenase, (complex II), and represents the mitochondrial capacity to catalyze a sequential set of Redox reactions primarily coupled to the production of ATP via ATP synthase.
Convergent electron input to CI and CII, elicits higher respiratory values compared to the isolated respiration of either CI (pyruvate + malate or glutamate + malate) or CII (succinate + rotenone) (Gnaiger, 2009b) and accordingly is the physiologically relevant to the study of maximal coupled mitochondrial respiration. Oligomycin (1 µM) was then added to inhibit ATP synthase demonstrating oligomycin-induced leak respiration (L Omy ). Finally, Antimycin A (2.5 μM) was added to terminate respiration by inhibiting cytochrome bc 1 complex, allowing for the determination of residual oxygen consumption in the oxygraph chamber. Experiments were carried out in a hyperoxygenated environment (chamber oxygen concentration maintained above 300 nmol/ml) to prevent potential limitations in oxygen diffusion at high cell respiration rates.
Finally, provision of the Redox substrates ascorbate (2 mM) and N,N,N',N'-tetramethyl-1,4-benzenediamine, dihydrochloride (TMPD, 5 mM) allowed for assessment of the isolated activity of cytochrome c oxidase (COX), the terminal respiratory chain complex that catalyzes the reduction of oxygen to water at the cytochrome aa3 subunit. Auto-oxidation of TMPD was corrected for by addition of sodium azide (100 mM). In permeabilized cell experiments, the oxygraph chambers were hyperoxynated (oxygen concentration above 300 nmol/L) to prevent potential oxygen diffusion limitation.
Plasmid construction
A 293 bp fragment of Prdm16 3' UTR region, containing the miR-133 target site, was amplified from genomic DNA by PCR (sense primer: 5'-ACTCGAGTTCTCTGCTTGGATGGGCT-3'; antisense primer: 5'-AGCGGCCGCGACACAGGGGTATTTGGCA-3'). To generate the psiCheck2-Prdm16_wtUTR, amplified Prdm16 3'UTR fragment was cloned into XhoI/NotI site on psiCheck2 plasmid (Promega). To generate the psiCheck2-Prdm16_mutUTR, a site-directed mutagenesis PCR was performed on the psiCheck2-Prdm16_wtUTR template with Phusion®
Site-Directed Mutagenesis Kit (Thermo Scientific;
forward primer: 5'-pGCCCCCGTGTGATAAGGTTGTGTGCTGTGTG-3'; revise primer:5'-pCGTTTTCACTACATACTTATATTAACATCATTTCTTCAGAATAAGTTGTCC-3').
For lentiviral overexpression of miR-133, a 619 bp region including the miR-133a hairpin precursor sequence was amplified from genomic DNA by PCR (forward primer: 5'-AGAATTCTGAGCTGCAAGAACAGCAGTGT-3'; reverse primer: 5'-AGCGGCCGCTCCCATCATGTTTTTAGGTGAGTTTTTG-3'). The amplified sequence was cloned into EcoRI/NotI sites of pCDH-CMV-MCS-EF1-Puro plasmid (System Biosciences).
Luciferase assays
For miR-133 targeting assays, HEK293T cells were co-transfected with combinations of psiCheck2-Prdm16_wtUTR plasmid with Pre-miR™ Negative Control #1 Precursor (Ambion), or psiCheck2-Prdm16_wtUTR plasmid with miR-133a Pre-miR™ Precursor (Ambion), or psiCheck2-Prdm16_mutUTR plasmid with miR-133a Pre-miR™ Precursor.
